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^ * ^<*|) ^O^, S^iiL^H frg-gtil ifl^-S. 

7>^» it! 4^71]^ 7>^# *1 ^ *fl#*fe 7}i*^tf; 7}^3"g-^# 

^^M^l 3*M *0^€ 7>i* HV-§-^ttl 3^3. ^Al^H 7>^tifl7l^^S 

^ JL47> 

£ 5 

7>^tii)^^ ( 7}^^^^, shg-^si, 
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^3" ^^"^l ^ {Apparatus and method for thin film deposition} 

£ l£ <§^3 A)3*H£tH3 ^r^W^)^*^ ^j-fr 43HH 7fl^H. 

£ 2fe ^3 *<*?|*HW3 ^f^f^*^ ^£ M-Efvfl Tfl^H. 

£ 3£ ^3 ##7^33 ^rf^^H 1-^4^71^01 «- 7 m 
T 1 ^* 4^\fl 7fl^H. 

£ 4fe ^efl^ f^M*HH3 «4f^#*H WtWMW ^7}^ 

^-§- W 7B^£. 

£ 5^ £ ^3 ^H«^ 4# W ^#*13 #3 tMJ* 7fl 

^£. 

£ 6£ £ 53 A-A ^33 43-vfl^ 7flS?£. 

£ 7£ £ 5* ^^Rr £-§~i3 nM3* 4^71 3Sb S^£. 
£ 8£ 7>^afl^^ cj^^- i4B|-ifl7l $JsH S. 73 B-B ^3 ^-i" 
4M*r 7M£. 

£ 9^ £ #^3 4H°W 4€- ^3 ^-§-7^3 43- 

£ io£ £ ^3 4# W f^#*H*1 3^|7>^3 *§-t- 4 
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mm 100 : «>-§-^w1 110 : 7l 

□mn 120 : ^ltHHHH. 200 : 4^E) 

mm 210 : 220 : *| 4833*1^ 

□cm 300 : 7}+^^i£ 310 : ^^^| 

mm 312a, 312b, 312c : 7>^^ 314a, 314b, 314c : 

moo 320 : 322a, 322b, 322c : 7>i#3. 

nan 400 : 7>&M^ 410 : MM 

mm 412a, 412b, 412c : 7>i«l«g^ 414 : MW 

mm 416 : ^£4^ 418 : Wft 

oral 420 : 500 : 7}2zW&& 

mm 510 : 512 : 

moo 514 : ^ 516 : 

□id 518 : $143 520 : 

mm 600 : 7}i«fl 7l 610 : 

corn 612 : l*W)7)f-S. 614 : MM°lS 

oora 616 : 618 : 2*M 7l ^3. 
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620 : alM^ 622 : 



^Afl^: 

^f*Kr 7l^l-o> £ =l #ej|7l^l 

*fl #43^ #*H 7}^ m *1)7l» #4*r*f 

^ 1HJ i €^ 3 °1 4 . 

£^ HI (sputtering), S^*M^HM|-i8 (chemical vapor deposition: CVD), 
^•^ (atomic layer deposition: ALD)-§- 

g£ W ^7l^^(CVD)^r 7># ^B] <>]-%rS\^ 

7)&3.*\, #^7}^ gn?}^ -fi^fe. ^-Tfll- W 7l^«H) 

^*4. W^IW^CCTO)* ^ 4<g=t> 7>>i«^- #-§-^£ 

#4^>4 *fr".3L4M*M -B-M 7>il-^- ^^-g-A}^O.S.*i| 7] 
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7>^1-^ «1 (ratio) * <$( amount )■§■ M ^>-§-S^ 
fc^3(thermaodynamic) tf^-i- ^M^M ifl-f <H^4fe M^l &&4. 

# $ltr olofl ^«fl ^£ o^^. ^ -g- ^ 2 

tfl^ 7 m g ^71^ -M**r4. W*ISL3. 

4iM*Wa*. ^ *#*H 71* £^*1) $ ^ ^ll^il- $ 

^ -£*Kchemical adsorption)^7l jl #e]^ -fr^NS i^l-^r 3«l^l7> 

*Hl£i*r *fl2^7 r i* S^Sbfi-A] 5tj Wf-g; ^al-^JL #-§-7>i 

^ 3) *1 7f il- ^^1^171^ tr ^7l( C ycle)S. f^fr 

4. 

□on ##tr Wr^r £°1 M °ll?m#(surface reaction 

mechanism)-!- °1 -§-#-2.S.*| g-fr ^ 91% o r 44, ^ 

■fir *r m. atb, ^rf^S^ <&-§-7 r if- *]3. $ 

^iS ^ £ 3t| ^1 Xj ^1 7 ] nflM ^7lW^«| wl^H 7l#iJM-(gas phase 
reaction)^ 3$ 3*11^4. 

r 

Sl^ MC^^^S. ^Aj^^ if-^ J^£*j-)6|| £]*jHn> ^ol 

>&W7f) 34. 6 1 "11, ^^JlS. 7l*Aj-6flA^ 7H ^fl^r(self- 
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limiting)^ 7] nflS-^l, ^7}^(#-$r7}±%)*\} H7fl 3**1*1 SfrL 7} 

□do ©H 44, pfl-f ^^jgj'eHi (aspect ratio)!- £fe #*HH;£ 

^ at!", ^3 7>i^ ^71^" ^43*r ^ ^7> Hl^l 

^S, ^^71 4 JfM|^ 7>^«fl #4. 

£ 21- %SeH ^tr4. S. l^r 71 ^ *m 4$NH#*14 

*1 71)^6137, £ 2 ^ #Hfl 7l#ofl 4= ££)4^ aj-A]^ ^x>^ 

W\E 7fl^£.ol^ ( gig 4 ZjL^6)| tfl^fe -f-«J JjLJl 

-§-7>i4 *|*MM!i7} 6.S 71 #(3H o]^^- ti> 

-§-3.(2)1- t^I^M #M 7 r ^» 4^3. aflt^7l fl* ^^^4 <S« 

^4(1); #-§-^(1) *HM t^I^M 71#(3)<>1 tf^si^ 7l^(4); #7l 

71^(4)2)- tfl^SRr £-§-OT(D W<H1 ^wlslal 71-^1- #-§-3.(2)3. &A}Al?j 

^ ^-§-7>i^-^(5); #7l £-§-7^^?-(5)» ^5]^ ^^S-i 

44 ^n)s\6] 7}^f-§- 7fl3H*Kr «jw (6,7,8,9)1- iW. 

am ^7H1^1, 6£r ^ l^-§-7}i 7^ 5^ ^] 7 r i tJi, 8^r ^2«>-§-7l-^ 
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am 



W>-g-7>>iS} 3] *| 7\^7\ ^5)<H ^^Vf 1 #-§-3.(2) 

1- £tt SbfrWU); ^r-S-^^d) *HM t^I^M 7 ^ 
3(4); #7) #-§-^nKlW 7}^ %^7]^ ***He* M€ 7} J £*#*M 4 

zj. ^Hls)^ Ha(6,7,8,9)* IW. ^7HH, ^71 #-§-^(l)Tr #-§-3(2) 

3 7>i» 343 BB#^l?l7l 41 -ft ^^#4 



4 #-§-7>£: ^w.(6,8)4 3*1 7}^ t« (7,9)3 7flsfl ^-§- 13^ ^*8*M°> *\ 
u S igB ^tg ^-tH rcj-Ej- ^-7l^> A>-g-^- ^ S£^b ^aVE)^ 

4Sr sa&4. 

am SEfb ^>-§-^«1(l)<Hl^ 7>^3 a]#$ 41«JH *hfr *Q33 #-§-OT 

(1)7> A>-§-^ #-§-^ UH 4 1 SItt 7l#(3)3 7fl^ ^32-3 

^*ii ^^^l 3-§-*Kr ^ M3<>1 &&4. 



□ODD $3, ^7}f^ ^ #-§-«M tiJr^H £ Bj-§-^# 7flAi§>7l 4l*fl #3"3 
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xdo 4 #4*r E 34] £.43 44 ^-ol, #-§-^4(l)ifl #-§-3.(2)41 #4^4* 

47]44fe tl£4^f £/-2.=4tt ^4*lUD# #4^4 M#4(10)# 

^34. #4^4* 3^*H ^444 4*H*r ^ 

7\±7\ #-§-^4(1)3. <?l<344 44(3)41 134I4 <£444 »H1 

(RF power )7> <?]7}444 tr4. 
mm ^sl^- , 4#(3)4l E^S)^ wV-§-7>>^:e4 §15 444 #44 # 

t^£7} ^444 &44, 4 #314^ 6 1 *fl-f 4# °l-?-44 4^: 

a Jr-§-7>^7> #-§-3414 *H444 ^ #4^44 ^4^ 

WMM 44°1 ^444 44 *M§-i: 4444*r 5AS4. 

mm #4^44 *J4^ «B-7}i7} ^^s)^ #4414 44444 s}H3., 

<|H = 4^)^ ^Sfl^l ^7(|<H1>H^ <?]7r444 44, 444 3*H*l 341 <£ 

4lH 44* ?17>S>7) 4*fl4fe- 1HH. 44 4^4 #4444 4-a, 4 

£ *M &4I5. 441- 4M§*rfe £41 = 44 *1143144 £ #4^41- #344 
4^- 241 = "H 1 4 £4 3.4 ^4 $-444, #34 4# &4 #4^4 
*r 144:a. 44^ ^4#-§-4 «<H\*i*fc &S4. 

con 444 ^"§-7>>:7> 4?MH4 44W4£ <r 5&*r 44 £ 

(radical) <M§3*1(12)# f>44 44 44#*lfe, £ 441 £43 44 £ 

6 1, 4-f#*H4 44 *M- $^*H tl7M4£^- 44 £ IMS #4 (12) 

52-10 



■0 



tT/ f- 7 r trw -r^sjji, «J).H (i3)7|- 7H^s]^^- 



^, 4 >s| Wtl w w ^ w Hfl7] 

#2 7}^ Wa 7mo] ^ ^ 

W ^ A )ofl ^o, « M ojoj^ ^ AH H|7)A] ^ 
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4€ W «S^#*l*r, ^« 4^71^ 71 ^^*>7l 

# itt 44*7113 7}i» *1 4*3 0.3. *ll 7>i^-^^.; 7}->i^^^^.S. 
^ ^s)^ 7>il- ^ -=-3°11 £«fl«H 7>i£afl^#; 7}+ 

oil 7>i# 71^1 £*H«L3. lc**l*lfc Sl^^^r^; U W 7>i*|) 

-ff^i 7>i» 2)^3- 7}+Vp]^^r ^ 

«H tMJ«4. 

a*, £ 4€- ^lii fil* W M^lfe, *HfcH ^€ 4 

^O^, «q«-S.^-Bl ti>-i-^tJl ifl^-S wV^-71-^l- i^-tb 4^71151 7}if 4^f3^- 
£3. £til)SH £4*Rr 7>^tifl^^-; 7}^^^ Z}^ f^7> £%S\3L 

7>i^-afl^^-o.S.^-Bl ^-wfl^ 443 7>^# ^3 ^r-g-sH 7>^t- ^lf-Al?!^ 4 

* * 

^7fl3 ^^Hr 7>>i^^^; 7>^-g-^3-§- ^A^ 7>^tiB 

<U*||3. 443 ^-§-€°fl *llff-3*r 7>^# 71^1 
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4 

4^7^ 7l^6{| ^^§>7| flfc W f^#*H & 

£A>*Br 7>^tifl^^r; ^lifiill^os^ 7 >^# ^ ^-§-*> 

^ 7>i# *IHWl*r t}^ 7 H ^wl^Hr 7>i^)^^-; 7>^^l^^ 

3^^; S #?1 7>^ifK^i ^1*H 7>ii- ^-g-OT 3 ^-3. ^ 

*l?Hr 7>itifl7l^^# ^€4- 

4^7fl^l 7l^6fl %^7) m ^1* W ^4#*H 

^ £wfl*M ^>«l-fe 7>^^-Bfl^^:; 7^^-Mfl^^o.S^-El ^-tifl^ 4zJ-<*| 7^1- 

^3 <r-8-SH 7}if *HM*lfe 4^7fl^ wv-g-^ 7fi^l^^; ^71 

33 t^I*! 443 #-§-iH 7^1- 7l^ofl 0.3. ^ 

Alflfe 33^^; g #71 7>^f-^oj) o]^H 7 }^# VV^m Si 
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^^lfe 7^fl7l^^ if-^H tM§34. 

€i 4^3 7>i* ul^ 7m«fl M^^S ii#Al7l^ «<H( 6 l*|- 

4H*r, '&*>&2\#W<>W tf)4, *1^7V S^^&M jL^ ^-§-€^1 *fl* 
S|^r 7>i# 3#*Hr 7l^oH ii-t^l 71 ^ ^MC^HM^, 

^^•614 *M, .3-9- 6 H1 «fl^)^s. 4^ «■ <r 

5^4, oil- B <M£ 2-t 3*M °l*HH*f #4* 71 

♦ 

££.3. ^- ^aHI- ^$Sl5. -£^4. 

^8-*H *JI a ^HM 7># 444*1 -8 ^3 2 

#5)^ 7}+°\ jHf- HHMI 44 f^^?M4 A>^«flc^ q.-^ 3. 

&t=4 #41- ^43, t«*IHfc ^4 4 

«]«HHfc £ ^°fl s^-i- ^ 3 £.3. # 

*l£4. 
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#•§-^(100)3 u^hItt 7i^«g#^-(iio)7> ^^s] JL( 7}^tl<y#^(iio)s.-f 

(210)7> 12*1 SM, olif ^-o] ^Aj^ a^b](200)^ 7}#S>) s.^ ^ fca^-fr 

^ *1 -83(200) *FM1 *W 3 3^(220H ^ 

6 )3t> OT^I 44 &SL^, *l*MWfc ^3 tfltf]*)- 

7>>i*#^(300)-§: #sUi3 £ 541 £A]^ h>«4 go], #%%Vi\ 

(100)3 AjijL ^-oj) 7 )lM- -fr*]^ #3)3. €f^3 ^^-^(310)71- al^ AJ*lS) 
^ ^ ^^<H1^ ^3.^3 afll, ^l2«V-§-7>^ ^ 5)^l7>i7> 44 ^S)tt 7}^ 

^(312a, 312b, 312c)7> ^Ajs):^ 440] 7 }^^(312a, 312b, 312c)^ 
£*!|(310) ifl^i *g*j3 $^(314a, 314b, 314cH 44 

^7l ^£*(|(310) f^<H-b 33^r#(*l:£*lH ^Sj-c^ 33s) 

*r ^|^^(320)ol ^^m^. 6] 3^(320) ^7} 443 

(314a, 314b, 314c)4 <3f-sM ^ SHJ-^S 7>^S(322a, 322b, 322 

44*1 (310)4 ^4£r 444 7}^ 3#^(320H 3 

#*}^ ^<?H£ 7>^S.(322a, 322b, 322c)l- f-*H ^4 W4 7^^-tifl^^: 
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(400) as. *HK14. 

6 H #7) (310)4 33^(320) A}©Hfc 7]^^- ^-xlt>£^- 

*fl» ^l-g-tb HSr 71313 ^ ig-igg o,]^ ^ ^ A ^^. ^ ^ 

6 H 6 14 7l#6ls.s tMM tfl^ W^t! ^£ 

^7l 3^(320)-!: S\£ 71 ^T^T^MSAl)*: ^S. 

43 3^4 ^^JEl" *)H^ 4 s fl*r tenl7> ^*1£ ^flag £E|# A}-^} 

»Wq«H, #7l to^-H 4*H £-§~i(5io)4 iA>oi§ ^ai^ 7Q6\im 

34. 

7>i^-tifl^^(400)# ^Sfe ^-ufl ^.^1(410)^ £ 5^ ^#Afl 
JE, JE. 7 £ £ B(S. 7*)}*] B-B ^4 44\S 45}- 

^"61, #71 7>>r3-#^T2;(300)-§- TMJ*ffe 33^(320) §>^1 aL^4. o) 

£*l|(410)4 #*?-<fe #71 4-4-4 7>^S.(322a, 322b, 322c)4 7>^6]^ 
*(412a. 412b, 412cH *i444, zl ifl^^- 444 7>^<2<g^(412a, 412b, 
412c)^r ^f-*H ■fr < 9€ 7>^7> £^44 4344x7 4^71] 4 ^-Bfl^wl 

(414)7> $>fl«4. 

°H, #7l MM(410)#.ii38 ^i* 3Hr « $#£.3. ^*>^^4, 
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nnx) 



rrnn 



nmn 



cud 



£th M3W414) ^ 5)^7>>i7> 3"t4*r 7>^#3.(322c)4 <3M 
^.tifl^UU) #Jl7>£ fc*4<H tM§4«H Sfl.2.4, ^ *?H 4*l7>^7> *#4fe- 
7l-i2tte(322c)* &7]«H 4^ £Hfl*|HU414W ^£ &4. 

£ufl384(4i4Kr f^<M- «H ^1 i#-S-7}^ , 4*l7>^, 

rf\2#%7}±, 3)^7>i tl^ «fl*lsM, #-§"i(510)4 

^*1£4. 

^, A^S) M*M(414)fe &ti1)£3|](410)4 ^£47 

(416)4 <Sf-4<H ^71 7>i^^-^(312 a> 312b, 312c)S 444 7}+7\ £ 
.§-41(510)3. £44 41*1 €4. 

M, ^7) M^|iH(414) ^ 4*l7>^7V 3-^4 tt (414)4 *HM 
e ^^ A >T L (416)4^- ^4 7>i7> £44 t>W^A> 

^(418)» ?4*Rr %*) 4#4lHI, ^>-§-7>>i7> ##4*r $-§"3(510) vfl^ 

^•7) ^£4^(416)4 ^#£4^(418)4 JE*H4fe t-(hole) $ 

aAl4°1 ^ M 44 fcSKsiit) 3*2.3. $ 



fl4. 



rrm 



4£-2-3, 71-^^^-^(500)^: «m^(4io) 4*H 4^71)4 wv-g-^t 
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(510)3. 3^£4. 443 #-§"t(510)£ £ 7<H1 S.*\& 44 £ 6 1 , 4*^3. *§#3 
^■Jf»«|*lS(512) S>^«H1 ^ ¥al ^*13^r 4^3 ^(514)^1 3 

«H ^aWsl 34«H, 443 #-§-i(5l0)£ -8-71 M^UIO) W 

i %^ (414)3^4 7}i# ^#*r4. 

015). ^-o] #-§~i(510H 3«H ^3-2.3 7l#3 MV^- ^^ofl % 

SI-XT ^i^oL, 6 H 4^ 7l^<Hl ^#S)tt 7>>i ^3E.# ?7H^iS 

#1 W ^4#-§- 6 l ^44^ -fi-S-^H, a* 7>i.^-i- 

i 

^•71 °lH(512)fe 7>i7> *?-3 3KV£)^ ^lt4 §-*H * 

-§-314(100) ^-43 ¥42.3 <?1^ 44€3 HM*^ 4 

°H W#?fl 6 lM(512)^ ^3 4<£t!: ^31 #%°] 

7>^*>4. i^tfl, #J?-#«MS(512)* 3*2.3. 3^44 #-§-€(510) #*fl 

£1 ^7> 44h^ ^M3*W4, 4^l7>i7} #^s|*r #-§-€(510)3 *fl# 

5]^ #Jf#«MH(512)# ^ A l7l*l &£-2.34 5|^7>i7> #-§-^4 

(100)3 W ^#-2.3 Jl37fl § ^S. &4- 

£ 6<»1Hfe, ^-71 443 #-§"i(510)-|- 90° #4-2.3 44 47fl3 #-§"€ 

(5l0)-fr 3W8-2.4, £ °H ^$4*r 444 * 

3 s-^om- s^ofl 4^ 45» (87fl3 #-§"€) 180° (27fl3 #-§"t)3 
^ &2.4, 443 #-§-1(510)3 3711- ^Bl $14. 
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a&C W W$ £3(514)3 7>^HB^^(400)51 ^^«a}^(41 

6)^ ^-§-§>£^ ^^]^4. £ ^1<>H i^Tg #3(514)* Aj-Jf 

#3MH(512) SB^ofl #3 ^^f-o.s.^ 7^1- #A> -g^j 

S>£4. £ t^* <>H 3* #3(514)# l>-§-S(510)3 

(510)3 3^H^r #3(514)3 ^| <Sl3Rr S]^(518)^ c] ^ o^cf. 

3 £*H*r£7> ^3^1, #7] 343(518)* *±%7}+7} ^7]S\^ ^-i- ^Aj 
CCCO tl3*}*r l&-§~i(510)#3 ifl^- 7}^ 3 *flt^}£l=- £ yofl £ 

^ go), ^(514) a^b](2oo)^ <3#3 

#(516)* ci *rS. 



^ 0IAJ.4 ^#e|olE(5 1 2) f #3(514), 343(518) g <3## 

(516)* 1^ 3£^r S^iUS. ^ ^ &*>i(510)3 3$ ^ 

Sj £33*1 ^JL^Tfl lt3<H 6 > W. 
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OODD 



0000 



#7] <?i##(5i6)3- 71^- AH**} #4 o. ^o.^ 4^4 *>4, h>-§- 

,g(510)3 ifl-f 7}^# £^-§. S^S^l 4^5. 3mm <g 

##(516)4 71^ #J:;?H f^i^l $4. 

°13 7>^Sfl^K^(500)£ ^"71 7>^Bfl^^(400)^l -H^3<H 

3)3351-1=. £ <M4*H £ 74] 3EA]^ «>sq- £ 

©1, &»fl-&*l) (410)3 ^oi] 4^7fl3 1^(420)^- ^WoL, <>H #-§-sKr ^ 
#3 ^tl"7K520)# #3(514)3 <a^°fl 1W(420)3 ^#7l 

(520)3 ^^o)l 3*H *H)«H 3^: »8*l*|-£* ^^^.4, <>le)^ ol 

^-§- ol-l-sH 4°<W £^*H A>-g-t ^ 

#€- 6 14. 



^ M4| 51*1 ^^A4 £ ^3 Cf^ ^Al^SAi A>^^|H^ 

3 W f^*]^ fl^-H f^-i-nH^ 44 ^44*13 4 £4 ©.3. ^ 

e^>3 7>^^lf-^3 ^3W. 
^ ^, f^7i^43 ^4^44*10} 7 ^^s^^. (500) o. ^s.^ 

61^(512) tfl^l 7>^«fl ^(400)6.3.^ ^-Hfl^ 443 7}if ^-§-1- ^ 

2^ §>^bfl ^3 4^7113 f-^H ^r-g-^ 7>^1- ^4 

s^s. -g-A>e>^ 4^7H3 4*1 *0s* ^rS. &4. 



□000 



o|t4) 444 a>4i|^|2. tipp-go)^ o]6)| 4-§-4^ ^-§-^(510)61 ^3 
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rH-7fl3 #3(514)01 ±% if-JL -£^£ (518)4 

<3##(516)-§- <r #€-o]4. 

7l*4| « 7^3 4# «l fctfT^ifra^ ^4 ^4^*13 

am 7>^afl7l^(600)^r £ 5i «>3 go], £-§-^(100)3 

ifl^-i- 44 <S*1€ *I|$!*SIMS(120)3- q*W £-§-€(510)aH3 ^ofl ^fl 
^ 7>^# 3^3. «fl#^7l 4^7113 ^€(610)3. o]^.<H^t).. 

□onn q 7 }*\ %7) ^^s 5 i]c»1e( 1 2o)^ £-§-7}i7> *HJ3(200) *HM *#«LS 

-f^s)^ HM^S*! £-§-^al(100) ^ ^ €*ll lH3*r * 

A] $*>fe 34. 

oxd 443 ^-i(6io)£ ais 4€- #-§-7>i7} £334 >y. 7 -| 

£-§-€(510)3 34 ^ 6 H1 ^-§-*>^ 2°l3. ^334. £-§-€(510)3. 
£34JL*r <QQ\7}+ & *fl2£-§-7}-ii3 -§-A] -^^<^1 3^; £t 

°1|4 ^€(610)3 ^Slxr 7>^ 1^3 H>-i-7}>i3- 3]^7>^7> 3°1 0 > W. 

^44 47fl3 £-§-€(510)3. *1*<H*1 443 ^€(610)3 ^°1tt £-§-€ 
(510) 343 ^HiL4 4 6 > 6 > «H, *1* £^4*r 4 ^3 «i 
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^S. 5£££ «o]4. 

□cm 444 44-i(610) JE 54 S. 6^ #3L*W ^^±3, &&[£S&, 

#7} *04**IMS(12O) ^4 4-§"i(510) 43" *W4 ^ofl Sfl^s)^ l*W|7l 
*3.(612)4, a W«l 4^7114 £**(616)<>1 $^4 £2j-t3WH(614)4, =L 
W ^^5)<H afl7l^-(620)4 4^4 2*W| 71*3.(618)3. ^44. 6 14 

*M «fl 71*3(612, 618)* 2^ ^-2:3 ^^«>j1 Zl A>o]ofl 4^7114 4*^(616) 
6 1 3^4 *2l*ilME(614)* 1i*l$ 4*€(510)4 43- 4*f|3 7> 
^ *fl4 54*l-7fl *>7l 44*1 4. 

^444^4-i- ^-7>^ ^ ^tg|, ^Aj £ 4^3 ?1 7>^ *#oJ o)^6\ 

*}t= WW 4^>7fl 44^r ^4 7]#4 ^>l^^r 4^4. 

am 44 *4^H 71 <r4(4 £-4 )£ W 4-§"i(510) * ^-§-7>^7> 

*H5. S>44 4*€(510W 4-^4 ^ = 4^tl7>^l(Pl£A])7> 4445. 

3-2-3 ^ #21 e^ 7^44. 
am ^H-^, #4 <IH=4447>4*1£- 44^(320)-|- *«H 4-§-i(510) 

4 714 WH| 4 ^, *WHH(512)4 *H?-44| 444^ 

JMI(*1H4)4 4444. £ 44i 44 4€- 444134 443l£.#44 4-4 
f>4444 3-f , 44 31 £-4 ^^ofl ^-44 44 4MM ("15.4)4 
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^ >*W(200)^ ^71^5.^1: ^ n44°]S ^ ^2|^n}elH Tfl^ 
d 14 tMH 4*}^ = 3^r€ ^ £-§-1(510) ifl 

^-4 7>ife W *4^4 <^7l #3)3. ^^fltl-Tfl 44, f^4 #*14*r ^3 * 
^ 7)^4 ^Al^oflAiPV 1-^4* ^4 4*3 ^A7> &7)1 3 4- 

4£^S, 44^*3 <T#( 4^4 ^71 7>^#^(300)^.S.W ^ 
S\tr wV-§-7}i ^ 3<H2E 4^ 444 wV-§-7>^1- 44 4^ 44, °14 £ 6 1 

4^sMS wv-S-7]-^^ ^ #-§-€(510) vfl^-s. -a^^AS. ^44. 

* 

44 £4 tM§€ 1-4^44 4^4 5J-4 tf^l^^ *3 

A }-§-444, £^ oil- 4-8- 1!" *r &^4, tiHl^J 

7MJ-44 ^Q^^K 6 *]^ , MKS instruments Ins.^lH 4|S4 Reactive Gas 
Generator)^ 44 4#3.Ai #$44 ^<>1M -g-44-Tll «r 

^ ##4^- , 8-44 €4^4#4« ^ 44 444 #-§-7}^4 

444 t: £ 94, a] 4 7>^4 M£ 444 tt £ 101- #s44 7*H3-^ 
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3. WW. 

rmn (1) 4^4 7}#*W%ZK*}5.*\)«\} 4«H <*1 483(200) #4 ±^ 4*H 

7]$o] 3.t$Q ^ t 7-1 ^3 3} ^(220)°] S^l^i 7.1^4(200)^] 4^7114 7l 

□rno (2) ^3(200)7} £-§-3g4(100)4 *flW*HH(120)*M ^s)<^ 7 1« 

7}iaWK*tt# ^^Hr #-§-4(510) <>1 4^1W.(S2) 

rmm 6] <g-«HA| 7-^(200) *HM| -2*13 *14(210W 4*H ^>-§-°fl 

nmm (3) 7>^#^#(300) ifl44 4#^(320H 44 33^(320) *> 

#o\) <g;£^ 7}^tifl^^:(400) £ oist|- 7>i^^^ ^*}£r ^r-S-i^l 

§-*H 43 ?*«4.(S3) 
nmm (4) 4^3.^4 7>^#t£(300)<H1 7>^^#^-(312a, 312b, 312c) 

§ Zj-4 afll, ^2^-§-7>^ ^ 4^l7>^7> 7>^fe- 4"4" $ 

^£(314a, 314b, 314c) ^ 7>i^S(322a, 322b, 322c)« 7^ 7>^i£*flm 

#(400)^.3. 7fl^4.(S4) 



cran 



H T 3 



f-4^71 44 Z}2H ?1 ^ 5}o) 4$444.(S8) 



nmm ^ (3)4 (4) #7fl*r ^#*H 4^ 44 6 1 
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i 

mm (5) #7l 44^1 7>^S.(322a, 322b, 322c) -I- £aH£*fl 

(410)3 7}^d^(412a, 412b, 412c)* 443 7>>i7> ^-Hfl^UU) ifl 

^3. £«*K414)<>flAi ^WA>^(416)* Sfl^ #-§-i(510)3. 

3-f a>^^i = ^ ^a>^ #-§-^(510)^ 

ram «>H 71* W*fl Sfl^fe #-§-€(510)3 Sfl^ ^sj- ^7l^£^ iLS. 

343 : £4|=4$I*!7H)-*1» ^Vf-AS.^ <W #-§-1(510) ifl^- 

3 #-§-7>il- fsfia} °)7)X\n$r a>^e>4.(S8) 
mm (6) 33 2 6 1 £43 zj-zj*) 7}^^ #-§-€(510H SlI-ffSM, °H 333 

^€4.(S6) 

ram ^l^^S. 7]* ^ o]± 7l^A5. 7l^^ 

#-§-€(510 W 4^ ... - *)U#-§-7)-^ 3*1 7}^ -> A]2^7}^ 

• « 

3*l7>>l - *U&47>A ^-§-€(510)^1 lSj^Kr ^ 

# aH83(200)#3 7l*i ifl*H 14 0 1#3 7}i i-#o] oi^^6fl nj-ej. i 
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cron 



ocoxt 



mnm 



444 ^-t^t (510)4 4^ A>6}^ ^4 ^S}^, 1A>0] 

# ^ ^4 ^45.3 444 if-nm ^-§-^(5io)^ 3)3^ 

444 <r &4 34. 

(7) #-§-^4(100) tH^S4 #-§-ig(510) 44-2-3. &%7\+ ^ ^>-§-ofl $d) 
fr>4 °^7l-i4 444 ^^^(610)^: ^44 4^3. »!\7}*V 

tf.(S7) 

^4 4<L3 HB7l^fe 7>i^ Jrf-g- f^i?, Z)-Z^ ^^§^(610) ^S. 14 

^4^3(612) ^-e] <>1S(614H ^^(616) -» 24«l)7lf-3(618) 

^ till 7l ^-(620)1- 44 4^3 tifl#^4. 



°h #7i ^^^(6io)^r ^>i(5io) 444 ^hi ^--§-4^ ^i 

,j>#444. W « €(610)4 ^ol7> «i-§-^(510) 444 #4iL4 €■ ^-f 4 

ig. 4€ *-§-7>^7> Mfl 71?" (620)3. ^ $U, ^-f H}-§-7>>i 

g$\ 441- MAS 444 5^ JHSo) ^ 

^e°14. 

(8) °1#4 2*4, (3) 44 (7) tfjflfc €4*r ^4 ^ol ^aj 

nj|44 4# t^44, ^4 4*tl*l#T t (ll<tt* 7fl*«- * 

71^1^4 (4^4 444 4-94(200)^4 4^ 4311s. tl#*4. °14# 
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7] #4 3.*% *k&&*\Si\ q&±3, °]f-<H Sim- 



mon =f-^m 6.S £ ^<H1 4€- €4^ ^4#4 ^ 4 

■fr*H SiOz, SiaN*, Hf0 2 , A1A, TiN ^4 frfr ^ *r*3*>7l 3*fl 

« 

-Hfc 3£ 47fl^ ^-§-€(510)^- ^Hl«Ho> s>t^ ( oi^^ #-§-!(510H 

mm aj|?ltf), ol^^l «}-s^§- ^^§>7l fl*M 47fl4 #-§-4] IS. ^-g-Slfe 7>^* 

^5]^ 6}efl^ a 14 £4. 

[a i] 













SiOz 


SiH^h, SiH4, Si 2 Cl 6 , 
(CH3) 4 Si , (C 2 Hs)4 Si 


«)^7}^(Ar, N2, 
Xe -§•) 


H 2 0, 02, Os, N 2 0 ^ 


Xe ^ ) 


SisN 4 


SiHaCh 


«l»-S7l->i(Ar, N2, 
Xe f-) 


NH 3 f^S*} 


Hl*^7l-h(Ar, N 2 
Xe ^) 


HfOz 


HfCl 4 


*l»<S7l->i(Ar, N2, 
Xe ^) 


02, 03, H20 ^ — 


«HMi7h2i(Ar f N 2 
Xe 


A1A 


A1(CH 3 ) 3 


^•^^(Ar, N2, 
Xe ^) 


02, Qa, H2O ^ <HH 
#1+ 


«l#^7>^(Ar, N 2; 
Xe ^) 


TiN 


TiCU 


«l«-^7>^(Ar, N2, 
Xe ^) 


NH3 


ul#^7V^(Ar, N 2 



CXECD #7l i# #2:*H TiN W -t^M, 71* ^ <Hi=. S>4# 7l 

£iL3. *H 1- 41, 34 **€H 71*^] TiCl 4 7> *^jL, 
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£-§^24 2\*\7}£.<q 4*H °<M€ TiCl 4 S>*7>ife ?\]7] 

#-§"£3*11 4*H NH 3 2c#4£ ^4^44 ^^'H] 

TiN #^4*H 3-8^ #-§-€44 4*l7}i*fl 4*M <>14^ 

#3* ^4(200)^3 ££ 71^1 rflfM °1^H*14. 

ram 2*4 e]^ 443 4tf, «=fl^tfl, OT44(A1A)4 ^V^^W 

^(HfOa)^ ^4 2£ 4^ *34 ^<9*>7l 3*fH*r 4^ 8 7l)^ h>-§-^ 

(510)* ^^H 6 ) *>al, #-§-7}i7> ^#£|fe #-§-€(510) 4^ 4°H^ 4*1 
7\±.7\ #-§-€(510)* tifl^H 6 * $4. 

ram ^, !>-5-lHr Al(Ofe)s. #-§-€2<»fl-b 4%^7)-i(Ar, N 2 , Xe #-§-€3 

ofl^r 0 2( O3, H 2 0 * *>4, ^>-S-i4^fe »HM7l->t(Ar, N 2 , Xe *), #-§-€5 
41 tt HfCl 4 , ^-§-€6^1^ »l*^7>iJt(Ar, N 2 , Xe #-§-€7*fl*r Ck, 0 8 . H 2 0 # 
oJh *>4, #-§-€8i-fer wl*^7>i(Ar, N 2 , Xe "* )* ^#«H 0 > fH=K 

• * 

^^t>^^.4, 6 l*r 3 6 H £ ^3 7l#^ a>^-4 1^14 
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# o>qe^ e] ^^^^^ #M ^|«n 3*11*1*) $4. 

W 44^1 7>i7> iLS. ^-#4 Ufl7l7> ^-Alofl 

A. 
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7>^^-Hfl4 i ^S.-fB] ^-tifl^ Z]-4^ 7>i# ^ <M-*H 7>i* ^1^-A]7l 
^ 4^7fl5l l?h§-<i-§; ^-Hl^ 7bMfMr#; 

ii#A] ?1 ^ 3^^^; 

Aj-71 7 }^^i=H 7>>if- ^>-i-^tf| 3)^-3. ^^Al^l^ 7> 

iafl 7l 

-§- 3L«-«H tMS^ ^AS. ^ ^3*1. 
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^ 7>^nH^; 

4^ 7 >^# *r-§-SH 7>^1- ^1^-A]7lfe rf^7l|^ #-§-it-§r ^HlSKr 7}^ 

^"71 7}i*HiH^H ^3 7>i» W^-g-^W] 2)^-2. 7} 

# S^*H T 1 ^^^: ^K 1 - 0 -^. ^ ^ ^^1. 
[3?^ 3] 

*H^H 7l^i ^*}#-§- ^^«>7l Shg-^Bll- T 1 
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^ 4^r7fl^ «>-g-i# ^l^Rr 7>i^^^; 

#7] 7}^*-^ ^) # ^ 7} ±m. ^ m ^^A]7]^ 7> 

* IW ^HJJLsL SRr e]-^ ^^]. 

7>^Hfl^; 

7}^al)^^0 S « El M ^ ^ 7^1- ^ ^-g-^H 7} it W 7] 
e 4^71)51 «>-g-l^- ^H)*}^ 7}+*f\^T&; 
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W 7>^f^rH c]* H 7^ 1±+ W q^S. 7} 



1 aw tMJM- «Aa *fe ^ 



I^T 1 * 5] 

-8-71 7>^^)^^ i 

W M«ls ^ 4^7ii^ «||o| w Wd] 

* M*H ^ ;g ^ ^a^j _ 



I^T 1 * 6] 



W 4*m *M* tt* Was *i*ls)<H w 
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1^%- 7] 

W^s. ^^s)<H ^^-1- *Hr 

#7] £-§~t f> 7}>i *fl-?f- A]#<a) o^^-ol laKg-^ <q=H^ 

^jH- 3^-3 -i- 3 atNH ^it ^ 

9] 

tl^Hr £-§->i ifl^-^ 7>i^> ^^-o] £3 sj.^ 

. 

[3?^ 10] 
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^ 3"§- ^3) .2.3. *>fe W ^4#*1. 
11] 

#7l 3} ^t^t^I 3tt 2)#^f£Tr 30 *fl4 180rpm^l 3J-§: ^ ^fe 
W ^4#*1 . 

■ 

12] 

#7l 7>^afl^^. 

#7l 7>i^^^l 3L^X\f]7) JL^^r; 

* 

#7l W #*MB3 f^ofl 443 ^43^ ^3) 

#71 7>^^#iL3^ ^3*r 7}^7> 71)^3^3 ^351^- 

7>itl < 3^°fl £1-3^ 443 73 ^r-§-*}£^ MM iflM £ 

3 4*f MUM; ^ 

M3"H *r*€ 7>i« 443 «fl^ #-§"13 ^S.2.3 ?} £^ £ 
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f- £fl*H ^M^-l- ^AS. W 

[3?$ 13] 
14] 

#7] Ji^^r^, 

#7] **B£*H 4^1^ £ 

f- S^W tM§3* ^-^-S. *Kr W 
15] 

^12*^1 Sft«W. 

52-36 



3) ^ ^ . 
MR* 16] 

^•71 7>i^ti||^^6.S.-^B] -g-Hfl^ ^-Zj-o] 7 ^ 7 | ^£)<H sr>^6)l 

A^«l£i #-§-*Hr 4^7fl^ ^-§-€^1 43 3] H S^ofl 

MR* 17] 

^"71 a>^^)= ^-^s]^ ^ ^EfliS] ^1)^; 
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» si^H t 1 ^* 4^3. «Hr W ^aj-^i. 

I^T 1 * 18] 

#7i #-§-^3 tfl^-i: ^ #**i *na*H #^ ^ 

#71 7}£.*p]tt& #^41 *fl*3fe ^^^^ #* * 

^^S)<H ^ ^ f^#*l. 

19] 

*1118^1 Sl^i, 

#71 «H->t zjo] oi^-s. 4^1)3 * 
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# ^$<L2. ^ &W>\. 

20] 

^•71 ^HW^ols W fiH *§^€ l*W)7l 

I3?#21] 

#7] 7>^^#AS.^ ^g-S^ 7>i ^ ^<^£ ^>-§-7>^ 

# ^WW^lfe ^MM^^* 3 £tf*H ^HiiLS. *Kr ^ f> 

22] 
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^ *>*r ^ . 
gg?* 23] 

flow, 

^■7] tiV-g-^W] ifl^-i ^S]^ 7^ IS ^ ^-§-*Rr Cf^7flSl W>-§-4# 

t 

^#s]t7 7}i IS. ^-uflsH ^-71 wB-iSS #-a>§>^ 7>^aflci.^; 

^•71 S^Hr &-§"5H ^1^-51 7>^7> 4^ 71^61 7]^ 

oil «^ Wg^#7i); ^ 

^■71 71^1 ic#5lfl^ 7}± ^ <Qc$ 7 }^ ^tRr 7>^Bfl7|^-^ 

# 5Lf"*H ^^-l- ^0.3. ^ tiVn]- f^og. 

24] 
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^7} #%%*\ HI^Ml A± tS. ^ ^-§-*Kr tHr7fl3 &-§-^-§- 

#7] £)#*Kr ^Sr-i-^lon *fl-f?-S]*r 7>^1 71^6] 7l## 

#7] 71^1 iif^S^ 7>i ^ ^7^1 ^*Kr 7>>ia)l7l^l 

f- £#*H tM^-St ^^.s SKr ^ 

25] 

#-§-^ ttl ifl^-ofl ^g-S)*r 7}+ %S. T$ ^r-e-^S-^ 4^7^ «>-§- 

*H^*Kr 7}-^^-£?fl ; 
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# £f-*H ^HJAS. *>fe W 

[3?^ 26] 
Wft 27] 
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I^n^a- 28] 

♦ 

29] 

*1. 
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[£ 31 



7 9 
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[£ 4] 



7 




52-46 



15. 5] 



300 




414 
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52-48 
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I£ 8] 
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IS. 9] 




52-51 



300 




Ha 



s 





oooooooo 




200 



220 
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